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Abstract 

The  laser  dya  Klton  Rad-S  In  ethanol  was  degraded  using  continuous 
radiation  and  pulsed  radiation  frosi  the  flash  lanp  of  a dye  laser.  Data 
from  Infrared  spectrograas  was  used  to  construct  plots  of  the  concentra* 
tlon  of  Klton  Red-S  versus  the  time  of  exposure.  From  these  plots  the 
rate  equation  was  determined.  The  effect  on  the  rate  of  reaction  of 
different  oxygen  concentrations  was  observed.  Qualitative  information 
from  the  Infrared  spectra  was  used  to  Identify  photo  products.  The 
fluorescence  and  power  were  monitored  during  the  pulsed  laser  experiment 
to  determine  the  primary  affect  of  the  photo  products.  The  reaction  was 
found  to  be  seroth  order  in  Klton  Red-S  and  the  presence  of  oxygen 
accelerates  the  reaction.  The  products  were  found  to  be  esters  and 
carboxylic  acids.  The  effect  of  the  products  on  the  laser  was  to  absorb 
the  pump  radiation. 


KINETICS  AND  WAVE  LENGTH  DEPENDENCE 
OF  THE  PHOTOLYTIC  DEGRADATION  OF 
KITON  RED-S  LASER  DYE 

I.  Introduction 

Justification 

Dyos  are  ona  of  the  latest  materials  that  have  exhibited  lasing 
ability.  The  property  that  makes  dyes  attractive  Is  their  easy  vide« 
range  tunablllty.  Dye  lasers  are  also  attractive  because  they  span  the 
spectrum  from  the  near  Infrared  (IR)  to  the  near  ultraviolet  (UV)  and 
exhibit  medium  energies  and  powers  at  excellent  efficiencies.  Among  the 

i problems  that  limit  the  usefulness  of  these  lasers  Is  that  the  power  or 

energy  output  decreases  drastically  with  use  due  to  photolytlc  degrade* 

^ tlon  of  the  dyes. 

[ Objectives 

The  primary  objective  of  this  Investigation  was  to  study  the  photo* 

i 

[ lytic  degradation  of  Kltcn  Red*S  (KRS)  in  ethanol,  and  to  find  ways  of 

[ 

slowing  or  eliminating  the  degradation  primarily  through  filtering  of  the 
laser  pump  radiation.  This  study  was  to  be  done  In  two  ways,  continuous 
(cw)  radiation  from  a 200  watt  sMreury  point  source  and  pulsed  radiation 
from  a Xenon  flash  lamp  In  an  actual  dye  laser. 

The  secondary  objectives  were  to  assemble  and  demonstrate  a working 
dye  laser  system,  and  to  refine  the  method  used  to  anal3rse  the  degrade* 
tlon. 


I 


Klton  Rcd-S  was  choaan  «•  th«  dym  aolutlon  bacauae  It  reprasents  a 
family  of  vary  common  laaor  dyos,  tha  xanChanas.  Othar  mambara  of  thia 
family  includa  tha  Rhodaminaa.  Iha  aolvant  uaad  ma  athanol.  A fairly 
polar  aolvant  lika  athanol  waa  naadad  baeauaa  KRS  ia  a polar  molaeula. 

A mora  polar  aolvant  than  athanol  waa  not  uaad  to  pravant  aggragation  of 
tha  dya  molaculaa  (Raf  StlS8«160). 

Exparimantal  Approach 

Thara  vara  two  axparimanta  run»  contlnuoua  radiation  photolyala  and 
flaah  photolyala.  In  tha  contlnuoua  radiation  photolyala  axparimant  tha 
dya  aolutlon  waa  placad  in  a containar  whoaa  bottom  half  waa  quarta.  A 
quantity  of  tha  dya  aolutlon  waa  placad  in  tita  containar  and  tha  pho» 
tolysia  ayatam  waa  aaaamblad.  Tha  ayatam  and  tha  aolutlon  warn  aquili> 
brated  with  a choaan  gaa  mixtura  by  bubbling  tha  daairad  gaa  mixtura  | 

througii  tha  dya  aolutlon.  The  dya  waa  axpoaad  to  tha  radiation  and 
aaaq>laa  of  tha  dya  ware  taken  during  tha  run.  Thaaa  aaaqilaa  ware  analyaad 
by  IR  apectroacopy. 

In  tha  flaah  photolyala  axparimant  tha  dya  aolutlon  waa  photolyaad 
in  a triaxial  dya  laaar  ayatam.  Tha  initial  power  and  tha  fluoraacanca 
apactrum  ware  maaaurad.  After  a certain  number  of  pulaaa  tha  power  and 
tha  fluoraacanca  apactrum  ware  maaaurad  again. 

Infrared  apectroacopy  waa  choaan  aa  tha  primary  method  of  analyaia 
baeauaa  it  yielda  both  qualitative  and  quantitative  data.  An  IR  apactrum 
of  a compound  aarvaa  aa  a "fingerprint"  of  that  compound  (Raf  2:199). 

If  tha  atructura  of  the  coaq>ound  ehangaa,  tha  apactrxmi  changaa.  Tha 
intanaity  of  tha  apactrum  givaa  tha  amount  of  tha  compound  in  tha  aolu> 
tion. 
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A»iUM>tlons 

Ih«  aost  critical  assuaptions  aada  vara  that  tha  output  of  tha 
aarcury  laap  and  tha  output  of  tha  flash  laap  vara  constant.  Tha  Baar 
Laabart  lav  was  assumad  to  hold  at  tha  concantrations  usad.  Othar 
[ assuaptions  ara  aantionad  in  tha  taxt. 
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II.  Th«orv 

QuantuM  M>ch«nlc8  of  _0ZS£ 

Klton  R«d-S  whose  structure  is  shown  in  Fig.  I is  an  efficient  laser 
dye  froB  589  nn  to  642  nn  (Ref  I5l346).  The  dye  has  an  electronic 
energy  level  structure  that  is  typical  of  conjugated  organic  molecules. 
The  most  important  levels  for  laser  work  are  shown  in  Fig.  2.  The 
ground  state  is  Sq,  is  the  first  excited  singlet  state,  T|^  is  the 
first  excited  triplet  state,  and  T2  is  the  second  excited  triplet  state. 
Each  of  these  levels  is  a quasi •continuum  due  to  numerous  close  splitting 
of  the  levels  by  vibrational  and  rotational  states  (Ref  13:630). 

The  dye  laser  is  a classical  four  level  laser  system.  During 
pimping,  electrons  are  excited  from  to  one  of  the  upper  vibrational 
levels  of  Sj.  The  molecules  relax  nonrad iatively  to  the  lowest  vibra> 
tional  level  of  Sj.  The  laser  transition  is  the  radiative  transition 
from  the  lowest  vibrational  level  of  Sj  to  one  of  the  upper  vibrational 
levels  of  Sq.  Finally  the  molecules  relax  to  the  lowest  vibrational 
level  of  nonrad iatively  (Ref  13:650>6S3). 

There  are  a number  of  competing  pathways  possible.  First  the  tran« 
sition  from  T^  to  T2  lies  in  the  same  energy  range  as  the  transition 
from  Sq  to  S|.  The  Tj  to  T2  transition  therefore  competes  for  pump 
radiation.  A pathway  that  competes  with  the  laser  transition  is  the 
nonradiative  transition  from  S|^  to  Tj.  This  is  known  as  intersystem 
crossing.  The  radiative  transition  from  T|  to  is  forbidden  and  has 


a large  time  constant.  As  a consequence,  dye  solutions  with  a large 


int«rsy8t«a  crossing  rats  Csnd  to  hava  chair  nolaeulas  plla  up  In  ths 
T|^  stats  laavlng  faw  molaculas  avallabla  to  lass  (Raf  13t633). 


Dva  Solution  Dagradatlon 

Ihara  hava  bean  many  studlas  on  dagradatlon  of  various  dya  solutions. 
Tha  dagradatlon  has  baan  found  to  ba  paraanant  and  dua  prloarily  to  Che 
flash  laap  radiation  (Raf  19t723).  For  KRS  In  athanol  tha  portion  of  tha 
flash  laap  radiation  that  causas  tha  daaaga  lias  In  the  UV  (Raf  12t36). 

Tha  rate  of  dagradatlon  Is  strongly  dependant  on  tha  wavelength  of  the 
Incident  radiation  (Raf  18t3S).  Tha  rata  of  degradation  also  depends 
linearly  on  the  output  power  of  the  flash  lamp,  and  the  volume  of  the 
solution  (Ref  8il78  and  I2t36). 

It  Is  fairly  wall  agreed  upon  that  tha  affect  of  tha  photochemical 
products  formed  In  tha  photolysis  Is  either  to  coopete  for  pump  radla> 
Clan  or  to  absorb  tha  stimulated  radiation  (Ref  1111126).  The  photo- 
chemical  products  nay  arise  from  three  sources:  tlia  solvent,  the  dya, 
or  a ccmblnatlon  of  tha  dya  and  the  solvent  (Ref  19:723,  11:1126,  and 
20:94). 

Tha  role  of  oxygen  In  tha  photolysis  of  dya  solutions  has  bean 
ambiguous.  In  one  paper  on  rhodanlna  6G  In  methanol  It  was  shown  chat 
the  presence  of  oxygen  slows  tha  dagradatlon  (Raf  9:329).  On  tha  other 

[ hand  an  earlier  paper  on  tha  sane  solution  shows  an  Increase  In  the  rata 

I 

of  dagradatlon  In  tha  presence  of  oxygon  (Raf  3:308). 

i 

Omygan  can  act  In  two  ways  In  a dya  solution.  First  It  can  act  as 
a triplet  quencher.  In  which  oxygen  Increases  tha  rata  of  the  T|  to 
transition  by  collisions  with  tha  dya  molecule.  Since  tha  triplet  state 
Is  an  excited  form  of  tha  molecule,  oxygen  might  sairva  to  stabilise  tha 

' j 
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[ dy«  by  reducing  the  nuaber  of  aoleculea  in  the  triplet  state.  On  the 

1 

! Other  hand  oxygen  nsy  set  as  a reactant  in  a photoehanical  oxidation 

[ reaction  and  hence  will  be  a destabilising  agent. 

i 

I 

Infrared  Soectroecoov 

The  portion  of  the  electronagnetic  spectrun  that  corresponds  to  the 
energies  involved  in  bending  and  stretching  a cheaical  bond  lie  in  the 
IR.  Each  type  of  cheaical  bond  between  various  atoas  has  its  own  energy. 
The  resonant  frequency  of  a particular  noraal  aode  of  vibration  for  that 
bond  depends  on  the  bond  energy  and  the  aass  of  the  atoas  attached.  For 
various  types  of  bonds  between  various  atoas  each  with  their  own  aass 
there  is  a unique  resonant  frequency  for  each  noraal  aode  of  vibration. 
The  situation  for  a large  aolecule  is  coaplex  due  to  the  fact  that  there 
is  coupling  froa  all  parts  of  the  aolecule  (Ref  2:197-203). 

If  IR  radiation  were  passed  tiirough  soae  group  of  aolecules,  the 
portions  of  the  IR  spectrua  that  corresponded  to  a resonant  aode  would 
be  absorbed  according  to  the  laws  of  quanttn  aechanics.  The  aaount  of 
radiation  absorbed  would  depend  on  the  quantua  efficiency  of  the  aode 
excited  and  the  niaiber  of  aolecules  encountered.  The  strength  of  the 
absorption  is  given  by  Beer's  law 


1 


I. “ 


(i) 


1 


Ig  is  the  intensity  of  the  incident  radiation,  I is  the  intensity  after 
passing  through  the  aediua  a distance  of  1,  a is  soae  constant  related 

I 


to  the  quantua  efficiency  of  the  absorption,  and  C is  the  concentration 
of  the  solution  (Ref  2i799). 
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R— ctlop  Kin«tic« 


For  • slaplo  docoapoaltlon  rMCtion 

X Products  (2) 

ths  appropriate  rata  aquation  would  ba 

- - K [x]*  (3) 

dt 

whara  tha  brackata  Indleata  coneantratlon,  and  a la  soaa  constant  known 
as  tha  ordar  of  tha  raactlon.  Tha  most  coomon  valuas  for  a ara  aaro, 
ona*  and  two.  If  a aquals  two,  Eq  (3)  la  a sacond  ordar  rata  aquation. 
If  tha  aquation  la  than  Intagratad,  tha  raaultlng  aquation  la 

• •Kt  ♦ Const  (4) 

[x] 

If  varaus  t la  plotted,  tha  plot  would  ba  a straight  llna. 

If  a aquals  ona,  Eq  (3)  la  a first  ordar  rata  aquation.  When  lnta> 
grated  the  equation  yields 

In  [x]  ■ -Kt  ♦ Const  (5) 

A plot  of  In  ^x3  versus  t would  give  a straight  llna. 

If  a aquals  saro,  Eq  (3)  Is  a saroth  ordar  rata  aquation.  Whan 
Integrated  tha  equation  would  give 

[x]  - -Kt  ♦ Const  (6) 

A plot  of  [xj  varsus  t would  yield  a straight  llna  (Raf  lt617-624). 

Tha  aaount  of  any  particular  gas  dissolved  In  a liquid  imdar  tha 
gas  la  given  by  Henry's  law 


8 


- 


(7) 


«h«r«  P 1*  th*  partial  prassura  of  tha  gas,  X|]  is  Hanry's  law  constant 
and  2 i*  tha  aola  fraction  of  tha  gas  dlssolvad  In  tha  solvant  (Raf  1: 
345). 


Powar  Output  of  a Lasar 

Tha  powar  of  a lasar  Is  glvan  by 


P * P ( ^ • 1) 

*^Usar  *^fluor  ' Rp^ 


(8) 


whara  tha  fluorascant  powar,  Rp  Is  tha  puap  rata,  and  Rp^ 

Is  tha  thrashold  puaplng  rata. 

*pth 

1 


*pth  " 


*^lasar  ^c  “^2 


(9) 


whara  Is  tha  lasar  rata  constant,  Is  tha  photon  cavity 

llfatlaa,  and  T2  !•  tha  llfatlma  of  tha  uppar  lasar  laval  (Raf  14t394). 
Tq  Is  glvan  by 


— - In 
Tc 


(10) 


*'l*‘2 


whara  r|  and  r2  ara  tha  raf lactlvltlas  of  tha  mirrors  (Raf  14t424-428). 
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III.  Apparatus 


Tha  aquipnant  usad  In  this  project  Is  placed  In  three  groups 
depending  on  usage. 

Continuous  Radiation  Photolysis  System 

The  photolysis  systen  shown  In  Fig.  3 consists  of  three  basic  parts: 
a source  of  light,  a container  for  the  dye  and  a source  of  gas. 

The  llfl^t  source  Is  a 200  watt  Osram  HBO  200  mercury  point  source 
whose  line  spectra  Is  shown  In  Fig.  4.  The  lamp  Is  housed  In  a Bausch 
and  Lomb  lamp  housing  and  Is  powered  by  an  Orlal  8500  power  supply.  The 
lamp  housing  contains  a quarts  condenser  lens  system.  The  light  from 
the  lamp  passes  out  of  the  lamp  housing  and  Into  the  dye  container 
housing  through  a quarts  cell  used  to  hold  the  filter  liquid.  To  keep 
the  filter  from  evaporating  a small  siphon  from  a flask  Is  used  to  keep 
the  cell  full. 

The  dye  container,  shown  In  Fig.  3 consists  of  21.5  cm  long  by  2.3 
cm  In  diameter  pyrex  and  quarts  cylinder  whose  bottom  6 cm  is  quarts. 

At  the  top  of  the  cylinder  Is  a gro'^nd  glass  joint  and  near  the  top 
extending  out  at  an  angle  Is  a septum.  The  dye  container  housing  is  a 
rectangular  cube  with  a hole  In  the  top  throu^  which  the  dye  container 
Is  Inserted,  and  a hole  In  the  bottom  so  that  the  bottom  of  the  dye 
container  can  make  contact  with  the  magnetic  stirrer  iamiedlacely  below 
the  housing.  A fan  Is  attached  to  the  back  of  the  housing  and  holes  are 
drilled  In  the  front  of  the  housing  so  that  a flow  of  air  can  cool  the 

dye  container.  A hole  on  one  side  allows  light  to  enter  and  strike  the 
lower  portion  of  the  dye  container. 
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A aaall  r«flux  condenser  with  a 90°  adapter  and  side  am  Is  fitted 
to  the  top  of  the  dye  container  to  help  control  solvent  evaporation 
from  the  dye  solution.  The  gas  alxture»  fron  a high  pressure  cylinder 
Is  bubbled  through  ethanol  In  a side  am  flask  to  help  prevent  evapora- 
tion of  the  solvent  from  the  dye  solution  by  saturating  the  gas  mixture 
with  ethanol.  The  saturated  gas  mixture  enters  the  dye  container 
through  the  90°  adapter  and  la  bubbled  through  the  dye  solution.  The 
gas  mixture  leaves  the  dye  container  through  the  side  am  on  the  90° 
adapter.  A flask  filled  with  ethanol  Is  used  as  a trap  to  prevent  air 
from  entering  the  dye  container  through  the  side  am. 

Dve  Laser  System 

The  dye  laser  system  Is  a Fhase-R  DL-1100  flash  lamp  pumped  dye 
laser.  The  laser  was  converted  from  a biaxial  to  a trlaxlal  dye  laser 
with  a Phase-R  modification  kit.  A biaxial  dye  laser  consists  of  a 
tube  through  which  the  dye  solution  flows,  surrounded  by  a helical  flash 
lamp.  A trlaxlal  dye  laser  has  an  extra  cavity  between  the  dye  tube 
and  the  flash  lamp  through  which  a coolant  flows.  The  coolant  can  also 
be  used  to  filter  the  radiation  from  the  flash  lamp.  See  Fig.  6. 

There  are  six  subsystems  on  the  laser!  the  laser  head,  the  power 
supply  and  controls,  the  dye  solution  circuit,  the  coolant  circuit,  the 
temperature  regulator,  and  the  diagnostic  equipment.  See  Fig.  7.  The 
laser  head  Is  the  DL  110  flash  lamp  with  the  trlaxlal  adapter.  The 
mirrors  are  flat  and  have  reflectivities  of  27  percent  and  99  percent. 
The  mirrors  are  mounted  along  with  the  flash  lamp  on  top  of  the 
capacitor  housing.  The  power  supply  and  controls  are  also  standard 
manufacture  DL  1100  equipment.  The  temperature  regulator  Is  a Korad 


Kv:C-5  las-2r  CDolof  that  piinp.-?  ccnatant  tf^iparatura  watc-r  to  the  coolln;? 
cc.ifionsora. 

The  dye  solution  circuit  is  as  follows:  Coming  out  of  the  laser 
head  the  solution  flows  into  the  pimp,  Frcm  the  pump  the  solution  is 
pumped  up  through  a one-fcot  cooling  condenser,  through  a filter  and 
into  the  dye  solution  reservoir.  The  tcnporaturo  of  the  dye  solution 
is  measured  by  a thenaometer  in  the  reservoir.  From  the  reservoir 
the  dye  solution  flows  down  through  the  fluorescence  measuring  equip* 
ment  and  into  the  laser  head.  The  coolant  circuit  is  as  follows: 

After  leaving  the  laser  head  the  coolant  is  pumped  up  through  a 1.25  ft 
con-Janser  and  into  tha  coolant  reservoir.  The  rooLint  flows  cut  of  the 
reservoir  through  a flow  control  valve  and  into  the  laser  head. 


oo  o 


The  materials  used  to  construct  the  dye  circuit  are  glass  and  poly- 
propylene tubing.  The  dye  solution  pump  Is  a March  MllC-MT-3  high  purity 
pump.  The  materials  used  to  construct  the  coolant  circuit  are  glass  and 
Teflon  tubing. 

The  diagnostic  equipment  consisted  of  a Quantronix  304  power  meter 
and  the  fluorescence  measuring  equipment.  See  Fig.  8. 


The  fluorescence  measuring  equipment  consists  of  a Bausch  and  Lorob 
tungsten  light  source  powered  by  a Lambda  IiI-F8-OVM  power  supply,  a 
Bausch  and  Loiab  monochrometer,  a Bausch  and  Lomb  scanning  monochrome ter. 


an  EMI  6253B  photomultiplier  tube  powered  by  a Kepco  HB  2500  high  voltage 
power  supply,  a Keithley  414  micro-microammeter,  and  a Hewlett  Packard 
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X*Y  recorder.  HonochroMtlc  light  at  SOO  rue  produced  froa  tungsten 
laap  by  the  aonochroaeter  Is  passed  through  the  dye  solution  flowing  In 
a glass  tube.  The  fluorescence  Is  aeasured  with  the  scanning  aono> 
chroaater  and  assoclatwd  electronics  at  a right  angle  froa  the  Incident 
light. 

Analysis  Sgulpaent 

The  third  group  of  equlpaent  la  that  used  to  analyse  the  saaples. 
This  group  includes  the  vacuum  evaporation  chamber • a Crescent  Wiggle 
Bug  dental  amalgam  shakert  a Crescent  stainless  steel  amalgam  capsule* 
a Perkin  Elmer  pellet  dye*  a Carver  20*000  lb  laboratory  press*  a Fisher 
vacuum  pump*  and  a Perkin  Elmer  137  sodium  chloride  IR  spectrometer. 

The  vacuum  evaporating  chamber  Is  a 300  ml  side  arm  flask  that  was 
Immersed  In  a controlled  temperature  %rater  bath.  A rubber  stopper  fitted 
with  a stop  cock  Is  used  to  control  the  air  entering  the  flask.  The 
vacuum  source  Is  an  aspirator  with  a dry  Ice  slurry  water  vapor  trap. 

A 10  ml  beaker  of  dessicant  Is  placed  In  the  flask  to  help  hold  down 
the  humidity. 


IV 


lh«  g«n«ral  procedure  vlll  be  described  first,  Chen  nodlf Icstlons 
for  esch  experlaenc  will  be  discussed. 


1 1 i 


The  general  procedure  for  performing  the  CW  photolysis  experiments 
was  as  follows.  Seventyflva  ml  of  10  M Klton  Red*S  in  ethanol  was 
placed  Into  the  dye  container.  The  system  was  assembled  and  ethanol  was 
placed  In  the  two  flasks.  The  system  and  the  dye  solution  were  equlll* 
brated  with  the  gas  mixture  by  rapidly  bubbling  the  gas  through  the 
solution.  After  at  least  two  hours  of  rapid  bubbling  the  lamp  was 
turned  on  and  the  bubbling  was  reduced  to  a moderate  rate.  The  lamp 
power  supply  was  adjusted  to  34  amps  of  current.  After  the  first  12 
hours  and  after  all  subsequent  12-hour  periods,  a 1 ml  sample  was  with- 
drawn with  a gas  tight  syringe  through  the  septum  on  the  dye  container. 
These  samples  were  processed  using  tne  solid  KBr  pellet  IR  analysis 
discussed  later.  Occasionally  a sample  would  be  withdrawn  for  an  IR 
analysis  of  the  solution  in  a liquid  cell  with  AgBr  windows  and  a 0. OS 
am  path  length. 


The  procedure  for  performing  the  laser  experiment  was  as  follows. 
The  laser  was  aligned  according  to  the  manufacturer's  instructions,  and 
a 5 micron  mllllpore  Teflon  filter  was  Installed  In  the  filter  holder. 


The  laser  was  filled  with  SOO  ml  of  10  M KRS  In  ethanol.  Five  hundred 
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ml  deionised  voter  was  used  ae  the  coolant.  Ihe  pimps  and  laser  cooler 


vere  turned  on.  The  discharge  water  tenperature  of  the  cooler  was  set 
at  60°  F and  the  temperature  of  the  coolant  and  the  dye  solution  was 
brought  as  close  together  as  possible  by  adjusting  the  flow  valve  and 
observing  the  thermometers.  Ihe  capacitor  voltage  used  to  fire  the  laser 
was  18  KV.  On  the  initial  firing  the  power  and  fluorescence  spectrum 
was  taken  and  after  each  increment  of  250  shotSy  the  power  of  the  laser 
and  the  fluorescence  spectrum  was  taken. 

Sample  Analysis 

Fifteen  hundredths  gm  of  oven  dried  KBr  was  added  to  the  stainless 
steel  capsule  along  with  the  1 ml  of  dye  solution  taken  from  the  continue 
ous  radiation  photolysis  apparatus.  The  capsule  was  placed  in  a 5 ml 
beaker  for  support*  and  the  capsule  and  beaker  were  placed  in  the  evapor* 
ating  chamber.  The  chamber  was  evacuated  and  the  temperature  of  the 
water  bath  was  brought  up  to  and  maintained  at  30°  c.  After  the  ethanol 
had  completely  evaporated,  air  was  reintroduced  into  the  chamber  and  the 
capsule  was  removed.  A steel  ball  bearing  was  placed  in  the  capsule  and 
the  capsule  was  capped.  The  capsule  was  shaken  for  one  minute  on  the 
Wiggle  Bug  and  a sample  0.10  gm  of  the  resulting  powder  was  weighed  out 
and  placed  in  a deasicator  to  dry  for  at  least  eight  hours.  The  powder 
was  then  placed  in  the  pellet  die.  The  die  was  assembled  and  evacuated 
with  the  vacuum  pump.  The  pellet  was  pressed  at  20,000  lb  for  one 
minute,  then  the  vacuum  was  released  slowly,  and  the  pressure  was  removed. 
The  pellet  was  removed  from  the  die  and  placed  in  a holder.  The  holder 
was  attached  to  the  IR  spectrometer  and  the  spectrum  was  made  using  a 
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Exp»rl— ntal  D»f  tl« 

A calibration  curva  of  the  IR  absorption  intensity  versus  dye 

concentration  vas  aade  using  a series  of  solutions  with  concentrations 
•4  ^ »4 

froai  1 X 10  M to  10  X 10  M.  These  saaples  were  analysed  in  the 
saae  manner  as  the  saaples  taken  during  the  CW  photolysis  «(periaent« 

This  curve  was  used  to  find  the  concentration  of  KRS  remaining  in  a 
sample  after  degradation. 

The  first  trial  of  the  CW  photolysis  experiment  was  designed  to 
establish  a base  line  for  the  kinetic  analysis  of  the  rest  of  the  experl* 
ment.  In  order  to  eliminate  oxygen  from  the  dye  solution  pure  argon  was 
bubbled  through  the  solution.  The  filter  cell  was  empty.  After  the  dye 
solution  had  been  exposed  a sufficient  amount  of  time  (144  hours)  to 
establish  a base  line,  air  was  bubbled  through  the  solution  to  establish 
if  oxygen  has  an  effect  on  the  kinetics.  The  remaining  two  trials  were 
done  to  find  the  effect  of  different  oxygen  concentrations  on  the  kinetics 
of  the  reaction  as  well  as  to  test  the  effect  of  a filter. 

The  second  trial  was  done  with  10.3  percent  oxygen  in  argon  bubbled 
through  the  solution,  and  the  third  trial  was  done  with  air  (21  percent 
oxygen).  After  136  hours  exposure  in  the  third  trial  the  filter  cell  was 
filled  with  ethanol  to  sea  if  the  kinetics  would  show  if  ethanol  was  the 
primary  photoprocess  by  filtering  out  the  wave  lengths  of  light  that 
excite  ethanol. 

The  laser  experiment  was  done  exactly  as  described. 
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V,  D«f  Rtduction 

Th*  r«v  data  for  aach  of  tho  CW  photolyala  trials  consiatad  of  a sat 
of  IR  spactrograas.  Iha  data  waa  raducad  in  fiva  stapst  tha  appropriata 
paak  was  salactad  for  ■aasuraawit*  tha  slsa  of  tha  paak  was  aaasurad, 
tha  eoncantration  of  KRS  in  solution  was  dataxainad,  tha  eoncantration 
of  KRS  warsus  tiaa  of  axposura  was  plottad,  and  tha  appropriata  paraa- 
atars  for  tha  rasulting  curvas  wara  ealculatad. 

Tha  paak  that  was  ehosan  was  a strong  paak  at  7.5  aicrons.  It  was 
obsarvad  that  tha  disappaaranca  of  that  paak  is  raprasantat iva  of  tha 
disappaaranca  of  tha  antlra  IR  spactrua  of  Kiton  Rad-S,  and  thara  was  no 
Intarfaranea  with  this  paak  by  tha  spactrua  of  raaction  products.  This 

fj 

paak  was  also  ehosan  bacausa  a atabla  tia  lina  could  ba  drawn  for  this  h 

paak.  Saa  Fig.  10.  ,| 

i 

Tha  sisa  of  tha  paak  was  ealculatad  by  aaasuring  tha  absorbanca  A j 

at  tha  bottoai  of  tha  paak  and  subtracting  it  trosi  tha  absorbanca  Aq  at  j 

tha  tia  lina.  Sinea  aost  of  tha  spactra  wara  nada  with  tha  Y axis  ! 

I 

■aasurad  in  parcant  tranaaissiont  tha  parcant  tranaalssion  was  eonvartad 

to  absorbanca  by  ovarlaying  tha  two  scalas. 

To  dataraina  tha  eoncantration  of  KRS  in  solution,  tha  calibration 

eurva  was  usad  to  raad  tha  eoncantration  of  KRS  froa  tha  sisa  of  tho 

paak  (Raf  6tl82«19S).  Tha  Y intarcapt  of  aach  of  tha  curvas  for  tha 

•4 

axpariaantal  trials  was  not  10  x 10  M bacausa  a diffarant  batch  of 

dya  solution  was  usad  for  aach  trial.  A eorraction  factor  tns  raquirad  I 

•4 

to  nornallsa  aach  eurva  to  10  x 10  M initial  eoncantration.  A saopla  i 

is  glvan  in  Appendix  A.  ] 
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From  the  laser  experiment  tlie  raw  data  was  a set  of  fluorescence 


spectra  of  KRS  In  ethanol.  See  Fig.  9 


The  height  of  the  fluorescence 


peak  was  measured  In  centimeters  from  the  base  line  to  the  top  of  the 


peak.  This  height  was  proportional  to  fluorescence  power. 


Fluorescence  of  Klton  Red**S 


VI.  R€«ult« 


Quallftlv  Rasulta 

Ih«  IR  cpactnia  of  the  unexposed  KRS  is  given  In  Fig.  10,  and  the 
IR  spectnn  of  the  KRS  degraded  In  the  CW  photolysis  experlnent  Is  given 
In  Fig.  11.  A possible  assignment  of  soaM  of  the  bands  of  both  spectra 
Is  given  In  Table  I.  The  most  important  points  In  comparing  the  two 
spectra  are  as  follows: 

1.  The  growth  of  the  bands  at  3 microns,  5.75  microns,  6.00  mi- 
crons, 7.25  microns,  8.25  microns,  9.00  microns  and  9.75 
microns. 

2.  The  stability  of  Che  bands  at  9.75  microns,  3.25  microns,  and 
14.25  microns. 

3.  The  disappearance  of  the  bands  at  3.50  microns,  6.25  microns, 
6.75  microns,  7.25  microns,  7.50  microns,  7.75  microns,  8.75 
microns,  9.25  microns,  10.25  microns,  10.75  microns,  12.25 
microns,  and  14.75  microns. 

The  IR  spectrum  of  the  degraded  solution  using  the  liquid  sample  cell 
shows  some  of  the  degradation  products  that  are  present  In  the  samples 
processed  using  KBr  pellet  analysis.  The  spectrum  of  both  the  KRS  and 
the  degradation  products  Is  so  weak  compared  to  the  spectra  of  the 
ethanol  that  the  technique  was  not  used.  There  Is  a strong  fruity  smell 
In  the  degraded  samples. 

Quantitative  ResuLts 

Fig.  12  shows  the  calibration  curve  for  IR  absorbence  versus  KRS 
concentration  In  ethanol.  A least  squares  analysis  of  the  data  produced 
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Table  I 

Infrared  Assignments 


Band 

Spectrum 

(microns) 

Strength 

Functional  Group 

KRS 

3.00 

S 

-OH 

3.25 

w 

-o 

3.50 

w 

--C2H5 

6.00 

6.25 

M 

s 

-0 

6.75 

M 

-C2H5 

7.00 

M 

-C2H5 

7.50 

S 

7.75 

8.00 

M 

M 

8.25 

M 

-O-O-R 

8.50 

S 

R-SOj 

8.75 

M 

9.25 

M 

R-SO3 

9.75 

M 

-O^D-R 

10.25 

W 

— 

10.75 

W 

12.25 

W 

-0  ’ 

14.25 

M 

14.75 

M 

R-SO3 

Degraded 

-OH 

KKS 

3.00 

3.25 

S 

M 

-0  I 

5.75 

S 

R-CO-O-R 

k.  I 
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Table  I (continued) 
Infrared  Assignments 


Strength 


Functional  Grou: 


Degraded 

KRS 


Concentration  (X  10 


Fig.  12.  Calibration  Curve 


th«  straight  11ns  irftlch  is  shown.  Ihs  standard  deviation  of  the  points 
is  0.025.  The  linearity  of  the  curve  indicates  that  the  Beer  Laabert 
law  holds  over  the  range  of  concentrations  used. 

The  results  of  the  first  trial  of  the  CW  photolysis  experiment  are 
shown  in  Fig.  13.  A least  squares  analysis  of  the  data  produced  the 
straight  line  shown.  No  line  is  drawn  through  the  data  points  after 
air  exposure  since  the  experiment  was  not  rigorous  after  that  point. 

The  slope  of  the  line  is  •0.0052  mole/liter  hour  with  a standard  devla> 
tion  of  the  points  of  0.83.  The  correlation  coefficient  is  a measure  of 
how  well  the  independent  variable  of  a plot  depends  on  the  dependent 
variable.  The  coefficient  ranges  from  0 (no  dependence)  to  one  (perfect 
dependence).  Ihe  correlation  coefficient  for  the  first  trial  is  0.28. 

The  results  of  the  second  trial  are  shown  in  Fig.  14.  A least 
squares  analysis  produced  the  straight  line  shown.  The  slope  of  the 
line  is  >0.043  moles/liter  hour  with  a standard  deviation  of  the  points 
of  0.65.  The  correlation  coefficient  is  0.97. 

The  results  for  the  third  trial  are  shown  in  Fig.  15.  A straight 
line  was  also  obtained  fr<MD  a least  squares  analysis.  The  slope  of  the 
line  is  *0.054  mole/liter  hour  with  a standard  deviation  of  the  points 
of  0.45.  The  correlation  coefficient  is  0.98.  To  show  the  effect  of 
the  ethanol  filter  the  difference  in  the  absorbence  was  plotted  versus 
time  in  Fig.  15.  The  difference  was  not  converted  to  concentration 
since  the  value  of  some  of  the  points  was  beyond  the  range  of  the  cali- 
bration curve.  All  the  raw  data  is  given  in  tabular  form  in  Appendix  B. 

There  is  a large  increase  observed  in  the  amount  of  time  it  takes 
to  obtain  visual  bleaching  of  the  dye  solution  when  bubbling  is  taking 


place.  Previous  experiments  performed  at  the  Air  Force  Avionics 


Fig.  13.  Degradation  of  KRS,  Zero  Oxygen 


Degradation  of  KRS,  10.3  Percent  Oxygen 


Fig.  14. 


Laboratory  with  tha  Sana  CW  photolysis  aquipnant  but  without  bubbling 
showad  blaaching  occurrad  in  about  60  hours.  Rasults  fron  this  axpari- 
nant  with  bubbling  show  that  visual  blaaching  occurs  in  ovar  250  hours. 

Tha  rasults  from  tha  lasar  axpariaant  show  that  for  a 4 parcant 
dacraasa  in  fluorascanca  powar,  thare  is  an  84  parcant  dacraasa  in  tha 
output  powar  of  tha  lasar. 
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VII.  Discussion 

Discussion  of  CW  Photolysis  Rssults 

The  disappearance  of  the  3.50  nlcron*  6.75  micron  and  the  7.00 
micron  bands  tends  to  indicate  a change  In  or  loss  of  the  ethyl  groups 
on  the  KRS  molecule.  The  disappearance  of  the  7,50  micron  band  also 
indicates  attack  on  this  site  since  the  7.50  micron  band  represents  the 
tertiary  amine  to  which  the  ethyl  groups  are  attached.  The  disappear* 
ance  of  the  9.25  and  the  14.75  micron  bands  indicates  that  the  sulphate 
groups  are  attacked.  The  sulphate  groups  might  be  breaking  off  to  form 
an  inorganic  sulphate  salt  as  there  is  an  increase  in  water  (3  micron 
band)  in  the  sample  and  there  is  the  growth  of  a band  of  9 microns 
which  corresponds  to  inorganic  sulphates.  There  is  the  possibility  of 
the  loss  of  an  aromatic  portion  of  the  molecule  since  the  aromatic  band 
at  6.25  microns  disappears  but  the  aromatic  bands  at  3.25  microns  and 
14.25  microns  are  stable.  The  portion  that  is  lost  is  probably  the 
phenyl  group  to  which  the  sulphates  are  attached.  The  stability  of  the 
band  at  9.75  microns  indicates  that  the  aromatic  ether  at  the  center  of 
the  KRS  molecule  remains  relatively  intact. 

The  growth  of  the  bands  at  6.00  microns,  7.25  microns  and  8.25  mi- 
crons indicates  the  presence  of  a carboxylic  acid  as  a degradation 
product.  The  growth  of  the  bands  at  5.75  microns  and  8.25  microns  indi- 
cates that  another  degradation  product  is  an  organic  ester.  This  obser- 
vation is  strengthened  by  the  pleasant  fruity  smell  of  the  product 
mixture.  The  pleasant  smell  is  an  almost  universal  characteristic  of 
organic  esters. 
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Ih«  reaction  for  the  CM  photolysis  of  Kltmi  Red»S  is  seroth  order 
since  the  plot  of  the  concentration  of  KRS  versus  tine  of  exposure  is 
linear.  This  is  typical  of  photochemical  reactions  in  which  all  of  the 
radiation  is  absorbed  by  the  reacting  species  (Ref  1:624).  The  kinetics 
of  the  reaction  dw depend  on  the  concentration  of  oxygen.  This  oxygen 
dependence  is  shown  by  the  marked  change  in  the  curve  made  during  the 
first  trial  when  air  was  introduced,  and  by  the  large  increase  in  the 
correlation  coefficient  from  0.28  to  about  0.98  whan  oxygen  is  present. 
Oxygen  accelerates  the  reaction.  The  experimentally  determined  rate 
equation  is 


d IKRS 


- -k  [krs]®  [O  ]• 


where  k is  the  actual  rate  constant,  k may  contain  dependencies  on 
other  factors  i^lch  are  unknown.  The  apparent  rate  constant,  k,  which 
is  equal  to  the  slopes  measured  in  the  three  trials,  includes  the  con- 
centration of  oxygen  as  sho%m. 


d I KRS 


- K [krs] 


where 


K - k [0  ]* 


The  rate  constant,  k,  and  a can  be  calculated  from  the  data.  The  con- 
centration of  oxygen  in  solution  is  calculated  using  Henry's  law,  with 
Henry's  law  constant,  K^  calculated  from  the  International  Critical 
Tables  (Ref  16:255-282).  The  values  for  K and  [O2]  are  known  or  calcu- 
lated for  two  points  and  solving  Eq  (13)  at  the  two  points  simultaneously 
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yields  k and  a.  The  aaounC  of  oxygen  dissolved  In  solution  Is  assumed 
to  be  constant  over  each  trial.  The  values  of  the  apparent  rate 
constant  k,  the  percent  oxygen  in  the  gas  mixture,  the  concentration  of 
oxygen  in  solution  and  the  correlation  coefficient  are  given  in  Table  II. 
The  calculated  value  for  k is  1.0  x 10'^  and  the  calculated  value  for  a 
is  0.31.  The  rate  equation  can  now  be  written  as 

1 j . 1.0  X 10"^  [krs]°  (14) 

dt 

The  large  increase  in  the  amount  of  time  it  takes  for  visual 
bleaching  to  occur  when  gas  is  bubbling  through  the  solution  suggests 
the  possibility  of  some  volatile  intermediate  which  is  necessary  for  the 
continuation  of  the  reaction.  This  intermediate  is  removed  by  the 
bubbling.  The  lack  of  any  significant  change  in  slope  in  the  third 
trial  upon  insertion  of  ethanol  into  the  filter  cell  tends  to  rule  out 
the  direct  excitation  of  ethanol  by  the  light  as  a primary  photoprocess. 
This  result  may  not  be  significant  since  the  filter  cell  had  a very 
small  path  length  (1  am)  and  some  of  the  lines  that  excite  ethanol  might- 
have  been  passed. 

Bringing  all  this  evidence  together,  a possible  reaction  mechanism 
may  be  proposed.  Since  the  reaction  is  seroth  order  in  KRS,  the  dye  is 
not  a factor  in  its  own  degradation,  except  perhaps  as  a catalyst. 

Since  the  concentration  of  oxygen  does  have  a power  dependence,  oxygen 
does  have  a part  in  the  degradation  as  a reactant.  Since  the  direct 
excitation  of  ethanol  by  the  light  has  been  ruled  out,  the  light  must  be 
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•Kcltlng  th«  dy«.  Th«  d3r«  th«n  pass**  tha  anargy  to  tha  athanol  solvant. 
Tha  solvant  braaks  up  to  ylald  a volatlla  and  highly  raactiva  Intar* 
■adlata  which  along  with  tha  oxygan  attacks  tha  dya  nolaculas.  This 
causas  dastructlon  of  tha  dya's  functional  groups*  and  tha  craatlon  of 
OKldatlon  products  such  as  astars  and  carboxylic  acids. 


Tabla  II 

Nusiarical  Results 


Trial 

Percent 
Oxygen  In 
Gas  Mixture 

Concentration  of 
Oxygen  In  Solution 
(Mole/liter) 

Apparent 

Rate  Constant 
(Mole/liter  sec) 

Correlation 

Coefficient 

One 

0 

0 

-1.4  X 10’* 

0.28 

Two 

10.3 

9.9  X 10“^ 

-1.2  X 10“5 

0.97 

Three 

21 

2.0  X 10"3 

-1.5  X 10-5 

0.98 

Discussion  of  Usar  Results 

As  can  be  seen  fron  Eq  (8)*  a four  percent  decrease  In  fluorescent 
power  can  not  account  for  tha  84  percent  decrease  In  output  power.  This 
large  decrease  can  only  be  accounted  for  by  a decrease  In  Rp.  It  Is 
probable  that  the  reaction  products  are  absorbing  the  punp  radiation. 
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VIII.  ConcIu»lon« 


1.  Th«  photolytlc  raaetion  In  eh«  continuous  radiation  axparlaont 
is  saroth  ordor  in  Kiton  Rad-S. 

2.  Tha  raaction  rata  in  tha  continuous  radiation  exparlaant  is 
incraasad  with  incraasad  oxygan  concantration. 

3.  Anong  tha  products  prasant  in  tha  blaachad  solution  fron  the 
continuous  radiation  axpariaent  is  a carboxylic  acid  and  an  organic 

astar. 


4.  Thara  aay  ba  a volatila  nacassary  intamadiata  in  tha  continue 
ous  radiation  photoprocass. 


5.  Tha  prisMry  affaet  of  tha  photo  products  on  the  lasar  is  to 
absorb  tha  puap  radiation. 


IX.  R*co— nd^ttona 


1.  Th«  KBr  p«ll«t  Mthod  anise  b*  furthsr  rsflned. 

2.  The  sffact  of  oxygon  on  tho  degradation  must  bo  isolatod. 

3.  Tho  offoet  of  tho  wavolongth  of  tho  puiq>  radiation  on  dograda- 
tlon  auat  bo  isolatod. 

4.  Saaplos  froa  tho  laser  aust  bo  analysed  using  tho  KBr  pellet/ 
IR  spectroscopy  technique. 

5.  Tho  results  froa  tho  continuous  radiation  oxporiaent  must  bo 
extended  to  tho  laser. 


1 

i 

J 


I 


Bibliography 


1. 

2. 


i 

( 

t 

i 

( 


I 

i 

i 


I 


3. 

4. 

5. 


6. 


7. 

8. 


10. 


11. 


12, 


13. 

14. 


AddaMon,  A.  W.  A Taxtbook  of  Physical  Chaaistrv.  Nev  York* 
Aeadanlc  Proas,  1973. 

Allangor,  M.  L. , ot  al.  Organic  ChoBlstrv.  Now  York*  Worth 
Publishing  Co.,  1971. 

Boor,  0.  and  J.  Wobor.  "Photobloaehlng  of  Organic  Lasor  Oyos." 
Optics  Cooowinl cat  Ions.  St  307-309  (July  1972). 

Calvort,  J.  G.  and  J.  N.  Pitts,  Jr.  Blochoalstr£.  Now  Yorks 
John  Wlloy  and  Sons  Inc.  (1967). 

Oroxhago,  K.  H.  "Structuro  and  Proport los  of  Lasor  Oyos”  In 
Topics  In  Appllod  Physics.  Dyo  Lasors.  odltod  by  F.  P.  Schafor. 
Now  York*  Sprlngor-Vorlag  (1973). 

Frits,  J.  S.  and  G.  S.  Haanond.  Quantltatlvo  Organic  Analysis. 
Now  York*  John  Wlloy  and  Sons  Inc.  (1957). 

Howlott-Packard  H-P  25  Applications  Prograas.  Howlott-Packard 
Co.  (1975). 

Ippon,  E.  0.,  ot  al.  "Rapid  Photobloaehlng  of  Organic  Lasor  Dyos 
In  Continuously  Oporatod  Dovlcos."  IEEE  Journal  of  QinmMia 
Eloctronlcs.  pp.  178-179. 

Kato,  O.  and  A.  Suglonira.  "Ootorl oration  of  Rhodanino  6 G Oyo 
Solution  In  Mothanol."  Optics  Co—wmlcatlons.  10*  327-330 

(April  1974).  “ 

HcCrackon,  0.  0.  A Guido  to  Fortran  iv  Now  York* 

John  Wlloy  and  Sons  Inc.  (1972). 

Mostovnlkov,  V.  A.,  ot  al.  "Rocovory  Lasing  Proportios  of  Oyo 
Solutions  Aftor  Tholr  Photolysis.”  Sovlot  Journal  of  Quantun 
Eloctronlcs.  6*  1126-1128  (Soptosibor  1976). 

Molstor,  E.  S.  "Xho  Oyo  Lasor  Oyo  Updato."  Optical  Sooetra. 
pp.  34-36  (Fobruary  1977). 

Shank,  C.  V.  "Physics  of  Oyo  Lasors."  lovlows  of  Modom  Physics. 
^*  649-657  (July  1975).  ~ rrm  r. 

Slogaan,  A.  E.  An  Introduction  to  Lasors  and  Masors.  Now  York* 
HcGraw-Hlll  Book  Co.,  1971. 


j 


i 


! 

! 


I 

( 


i 

1 

i 


37 


15.  Ward«n,  J.  I.  "Flash laap-Punpad  Lasar  Oyast  A Lltaratura  Survay." 

Apollad  Physics  Lattars.  19:  345-348  (Movaabar  1971). 

16.  Washburn,  E.  W.,  ad.  Intamatlonal  Critical  Tablas  of  Ifaaarlcal 
Osta.  Physics.  Chasilstrv.  and  Tachnology.  ill.  Naw  York:  McGraw- 
Hill  Book  Co.  (1928). 

17.  Waast,  R.  C.,  ad.  Handbook  of  Chasiistirv  and  Physics.  53rd  adltlon, 
Clavaland,  Ohio:  Tha  Chamical  Rubbar  Co.  (1972). 

18.  Wabar,  J.  "Continuously  UV-Blaaching  of  Organic  Lasar  Oyas." 

Physics  Lattars.  45a:  35-36  (August  1973), 

19.  Wlntars,  B.  H.,  at  al.  "Photochanlcal  Products  in  Counarin  Lasar 

Oyas."  Appliad  Physics  Lattars.  25:  723-725  (Oacanbar  1974). 

20.  Yaaashita,  Miko  and  Hiroshi  Kashlwagi.  "Photodagradation  Machanisns 
in  Lasar  Oyas:  A Lssar  Irradiatad  ESR  Study."  IEEE  Journal  of 
Quantusi  Elactronics.  12  (Fabruary  1976), 


38 


s 


Appandlx  A 


Sa«Dl«  Calculatl 
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Sa«Dl«  Calculation 


As  shown  in  Fig.  16  a tie  line  is  drawn  between  the  peak  at  7.5 
aicrons.  The  value  of  the  transaittance  at  the  bottoa  of  the  peak  is 
51  percent.  This  transaittance  is  converted  into  absorbence  by  using 
the  scale  in  Fig.  17.  As  can  be  seen*  51  percent  is  equivalent  to  0.090 
on  the  absorbence  scale.  The  value  of  the  transaittance  at  the  tie  line 
over  the  bottoa  of  the  peak  is  83  percent.  The  equivalent  absorbence 
is  0.290.  The  difference  A ■ Ag  is  0.200.  The  concentration  of  KRS  is 
read  off  the  calibration  curve  froa  A > Ag.  The  concentration  of  KRS  is 
4.5  X 10'^  M.  This  concentration  Is  aultlplied  by  the  normalisation 
factor  to  obtain  the  noraalised  concentration.  The  normalised  concen- 
tration is  8.2  X 10”^  M.  This  procedure  is  done  for  all  the  IR  spectra 
in  the  run.  The  noraalised  concentration  is  plotted  against  the  time  of 
exposure.  A straight  line  is  fitted  to  the  data  using  least  squares  and 
the  slope  of  the  line  is  calculated.  The  coefficient  of  deteraination* 
r * is  calculated  (Ref  7t87-89).  The  coefficient  of  correlation*  r*  is 
then  calculated  (Ref  10:82). 
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WAVELENGTH  (MICRONS) 
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Fig,  17.  Conversion  Scale  for  Transmittance  to  Absorbonce 


Table  III 

Data  from  the  Calibration  Curve 


i 

i 


Concentration 
(XIO-^  M) 

Ao 

A 

A • Aq 

10 

0.098 

0.495 

0.397 

10 

0.140 

0.600 

0.460 

10 

0.113 

0.505 

0.392 

10 

0.109 

0.490 

0.381 

10 

0.092 

0.505 

0.413 

10 

0.109 

0.495 

0.386 

10 

0.102 

0.495 

0.393 

1 

0.042 

0.092 

0.050 

2 

0.061 

0.169 

0.108 

4 

0.070 

0.243 

0.173 

6 

0.092 

0.365 

0.273 

8 

0.113 

0.455 

0.342 

1 

0.037 

0.113 

0.076 

2 

0.060 

0.161 

0.101 

4 

0.051 

0.167 

0.116 

6 

0.076 

0.276 

0.200 

8 

0.092 

0.419 

0.327 

4 

0.070 

0.252 

0.182 

6 

0.081 

0.335 

0.247 

, J 
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Normlisad 


t (hrs) 

A 

> 

1 

C(X10"^  M) 

C(X10-<^  M) 

12 

0.114 

0.440 

0.326 

7.7 

o 

• 

o 

24 

0.091 

0.400 

0.309 

7.4 

9.6 

36 

0.098 

0.410 

0.312 

7.5 

9.7 

48 

0.098 

0.360 

0.262 

6.1 

7.9 

60 

0.091 

0.343 

0.243 

5.7 

7.4 

72 

0.102 

0.400 

0.298 

7.1 

9.2 

84 

0.091 

0.345 

0.234 

6.0 

7.8 

96 

0.102 

0.400 

0.298 

7.1 

7.2 

120 

0.077 

0.325 

0.248 

5.8 

7.5 

132 

0.109 

0.385 

0.276 

6.5 

8.4 

144 

0.098 

0.400 

0.302 

7.1 

9.2 

1S6 

0. 123 

0.420 

0.295 

7.0 

9.1 

180 

0.112 

0.280 

0.168 

3.7 

4.8 

192 

0.096 

0.250 

0. 134 

3.4 

4.4 

204 

0.123 

0.290 

0.133 

3.6 

4.7 

216 

0. 123 

0.243 

0.118 

2.4 

3.1 

228 

0.123 

0.230 

0.105 

2.1 

2.7 

240 

0.091 

0.180 

0.089 

1.6 

2.1 

232 

0.129 

0.213 

0.084 

1.5 

1.9 

J 


TAbl«  V 


Data 

froa  Trial 

Two 

t (hrs) 

A 

1 

< 

Concontratlon 
(XIO-^  M) 

Nonuillaad 
ConcantraClon 
(X10-<^  M) 

0 

0.076 

0.315 

0.239 

5.5 

10.0 

12 

0.080 

0.300 

0.220 

5.0 

9.1 

24 

0.096 

0.360 

0.264 

6.2 

11.3 

36 

0.087 

0.315 

0.225 

5.2 

9.5 

48 

0.090 

0.290 

0.200 

4.5 

8.2 

60 

0.096 

0.290 

0.164 

3.6 

6.6 

84 

0.087 

0.237 

0.150 

3.2 

5.8 

96 

0.120 

0.292 

0.172 

3.8 

6.9 

108 

0.102 

0.237 

0.135 

2.8 

5.1 

120 

0.092 

0.228 

0.136 

2.8 

5.1 

132 

0.108 

0.237 

0.129 

2.6 

4.7 

144 

0.096 

0.150 

0.078 

1.3 

1.4 

156 

0.070 

0.142 

0.072 

1.2 

2.2 

168 

0.102 

0.186 

0.084 

1.5 

2.7 

180 

0.112 

0.186 

0.074 

1.4 

2.5 

196 

0.090 

0.160 

0.070 

1.1 

2.0 

r 


Tabl*  VI 

Data  fron  Trial  Ihraa 


: Chra)  Aq 

A 

A " Aq 

Coneantratlon 
(XIO-^  M) 

Nomaliead 
Coneantratlon 
COCIO*^  M) 

24 

0.080 

0.325 

0.245 

5.7 

9.2 

36 

0.085 

0.335 

0.250 

5.8 

9.3 

48 

0.074 

0.273 

0.199 

4.5 

7.2 

60 

0.108 

0.300 

0.192 

4.3 

6.9 

72 

0. 123 

0.305 

0.182 

4.0 

6.4 

84 

0.108 

0.263 

0.155 

3.3 

5.3 

97 

0.112 

0.265 

0.153 

3.2 

5.1 

104 

0.086 

0.220 

0.134 

2.8 

4.5 

116 

0.107 

0.220 

0.113 

2.2 

3.5 

129 

0.096 

0.192 

0.096 

1.9 

3.0 

140 

0.119 

0.213 

0.094 

1.8 

2.9 

164 

0.160 

0.234 

0.074 

1.4 

2.2 

176 

0.100 

0.149 

0.049 

184 

0.095 

0. 140 

0.045 

200 

0.080 

0.108 

0.028 

212 

0.086 

0.108 

0.022 

A 
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